Neoplastic chromaffin cells from human pheochromocytomas can exhibit extensive spontaneous and nerve growth factor (NGF)-induced outgrowth of neurite-like processes in vitro, despite the absence of such processes in vivo. To determine whether acquisition of neuron-like features by human pheochromocytoma cells in culture is accompanied by functional alterations, process outgrowth, vasoactive intestinal peptide-like immunoreactivity (VIPLI), neurotensin-like immunoreactivity (NTLI), and catecholamine content were studied in freshly dissociated cells and in 21-day-old cultures from six human pheochromocytomas. All of the cultures produced VIPLI and exhibited spontaneous process outgrowth. NGF stimulated process outgrowth and enhanced production of VIPLI. Dexamethasone inhibited process outgrowth and tended to decrease production of VIPLI. NTLI was detected in cells from only one of the tumors, and its production appeared to be regulated comparably to that of VIPLI. Catecholamine content decreased markedly in all of the cultures and was not regulated in parallel with either VIPLI or NTLI. The findings suggest that human pheochromocytoma cultures may help to elucidate cellular and molecular mechanisms regulating ectopic and normal VIP production.
Vasoactive intestinal peptide (VIP) is a regulatory peptide present in a number of different types of neurons in the central and peripheral nervous systems (Said, 1982) . VIP is generally undetectable in normal adrenal chromaffin cells of humans and other mammals (Linnoila et al., 1980) . However, human adrenal pheochromocytomas may produce 'abundant "ectopic" VIP capable of causing a severe diarrhea1 syndrome (Said, 1976; Bernard et al., 1980) . Neurotensin (NT) is a regulatory peptide which, like VIP, is distributed in diverse central and peripheral neurons (Leeman and Carraway, 1982) . In addition, NT is found in the normal adrenal medulla of rats and cats (Rokaeus, et al., 1982) and in the PC12 rat pheochromocytoma cell line (Tischler et al., 1982a (Tischler et al., , 1983b . The content of NT in PC12 cells is increased by nerve growth factor (NGF), which also causes the cells to form neuritelike processes (Greene and Tischler, 1976) , and by dexamethasone, which also increases catecholamine content (Tischler et al., 1983d) . NT is not detectable in the normal human adrenal medulla (Rokaeus et al., 1982) and has not been reported in human pheochromocytomas.
It has been known for some time that cultured neoplastic chromaffin cells from human pheochromocytomas can exhibit extensive spontaneous and NGF-induced outgrowth of long processes similar to those of NGF-treated PC12 cells (Tischler et al., 1976) despite the absence of such processes in vivo. Recently, Mendelsohn et al. (1979) suggested that such transition from chromaffin cell to neuron-like phenotype might be accompanied by increased production of VIP. The study reported here was performed to test this hypothesis and to determine whether changes in VIP content of human pheochromocytoma cells in vitro are accompanied by parallel changes in catecholamine content. In view of the morphological similarities of human pheochromocytoma
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Materials and Methods
Tissue from six adrenal pheochromocytomas was obtained at surgery. Each tumor was diagnosed as a typical pheochromocytoma from multiple histological sections by at least two pathologists using accepted morphological criteria. Four of the tumors were sporadic, and two (numbers 1 and 3) were from patients with familial multiple endocrine neoplasia. All of the patients were adults, and none had the watery diarrhea, hypokalemia, and achlorhydria syndrome Werner and Morrison, 1958) associated with VIP-producing neoplasms. Tumor tissue was minced in Ca++ and Mg++-free Hanks' balanced salt solution (CMF-HBSS) and dissociated either by incubation for 2 hr at 37°C in collagenase (Sigma Type II, 3 mg/ml in CMF-HBSS supplemented with 1.25 InM CaClJ or mechanically by trituration with a Pasteur pipette. The latter method proved to be at least an order of magnitude less efficient than enzymatic dissociation. Dissociated cells were suspended in McCoy's 5A medium with 20% fetal bovine serum and 50 pg/ml of gentamycin.
Replicate aliquots of dissociated cells from each tumor were plated and cultured for 21 days in collagen-coated (Bornstein, 1958) Falcon tissue culture dishes in routine medium or in medium supplemented with 2.5s mouse salivary gland NGF (100 rig/ml) and/or dexamethasone disodium phosphate (lo-" M). At this concentration, dexamethasone increases catecholamine content in PC12 cells (Tischler et al., 1983d) and in normal adult rat chromaffin cells (Tischler et al., 198213) . Additional sets of identical cell aliquots were harvested immediately to be assayed for VIP-like and NT-like immunoreactivity (VIPLI and NTLI) and for catecholamines. Tumors 1 to 3 were plated at low density (approximately lo5 cells/ dish), which permitted subsequent counting of cells and processes. Tumors 4 to 6 were plated at high density (approximately lo6 cells/dish), which permitted subsequent normalization of VIPLI, NTLI, and catecholamine content against cell protein. Cultures were incubated at 37°C in a water-saturated atmosphere at 95% air and 5% COZ, with medium changes three times per week. A final medium change was performed 24 hr before harvest. On day 21 in uitro, VIPLI and NTLI were again measured both in cell extracts and in culture medium from each dish, and cell extracts were again assayed for catecholamines. In addition, process outgrowth and tumor cell survival under the different sets of culture conditions were quantitated for three of the tumors by strip counts performed by phase contrast microscopy (Greene and Tischler, 1976; Tischler et al., 1982a) .
For the harvests at day 21, the medium was removed from each dish, supplemented with aprotinin (Sigma, final concentration 500 kallikrein inhibitor units (KID)/ ml), boiled for 5 min, frozen, and lyophilized. The cells were washed three times in HBSS, scraped from the culture dishes in ice-cold, aprotinin-supplemented phosphate-buffered saline, pH 7.2, and sonicated. Aliquots were taken for catecholamine and protein determinations. The remainder was boiled for 5 min, supplemented with radioimmunoassay grade bovine serum albumin (Sigma, final concentration 1.5%), and centrifuged at 12,000 X g for 5 min in an Eppendorf microcentrifuge. The supernatant was then frozen and lyophilized. For the harvests on day 0, the dissociated cells in suspension were centrifuged at 300 X g for 5 min, washed three times in HBSS, and then treated identically to the cells on day 21. VIPLI and NTLI were measured in reconstituted lyophilized cell extracts and medium by previously described radioimmunoassays using whole molecule-directed antibody against synthetic porcine VIP (Mitchell and Bloom, 1978) and C-terminal-directed antibody against synthetic bovine NT (Blackburn and Bloom, 1979) . Chromatographic analyses were also performed on cell extracts from two of the 21-day-old NGF-treated cultures (tumors 5 and 6) using a Sephadex G50 superfine column (0.9 X 60 cm) calibrated with dextran blue, cytochrome c, and Na'251 as molecular size markers. The column was eluted with 0.06 M phosphate buffer, pH 7.0, containing 0.3% human serum albumin and 0.2 M NaCl, and 0.9-ml fractions were collected. Catecholamines were measured by high pressure liquid chromatography (HPLC) with electrochemical detection, as previously described (Erny et al., 1981) . Protein was measured by Spector's modification (Spector, 1978) of the Bradford Coomassie blue method (Bradford, 1976 ).
Results
As previously described (Tischler et al., 1976) , pheochromocytoma cells were readily recognized as polygonal, phase-dark epithelial-like cells which usually formed clusters and which to varying degrees gave rise to thin, branching, varicose processes similar to those of cultured neurons ( Fig. 1) .
On day 21 in uitro, all cultures from all of the six tumors exhibited spontaneous process outgrowth. This outgrowth was stimulated to varying degrees by NGF, as previously reported, and was inhibited by dexamethasone (Table I, Fig. 1 ). Numbers of tumor cells per dish decreased to approximately one-third to one-twelfth of initial numbers during the 21 days in vitro, and the different culture conditions caused no significant differences in tumor cell survival (Table I) . Most of the cell losses appeared to occur during the first few days in culture.
Cells from all of the tumors showed markedly increased content of VIPLI after 21 days in vitro, whether expressed per culture dish or per microgram of cell protein (Table II) . Culturing in routine medium with no additives caused the appearance of VIPLI in cells from four tumors in which none was detectable at the time of plating, despite the initial presence of larger numbers of cells. Culturing in routine medium also increased the content of VIPLI in cells from two tumors which did contain small amounts at the time of plating (numbers 1 and 4). NGF-treated cultures contained approximately 2 to 10 times as much total VIPLI as those without additives. Dexamethasone tended to decrease the amount of VIPLI, in contrast to NGF, but individual tumors varied in this respect. In one case (tumor 2), dexamethasone-treated cultures contained more VIPLI in both cells and medium than did control cultures. In another case (tumor 6), dexamethasone decreased the amount of VIPLI in the cells while increasing that in the medium. In contrast to VIPLI, detectable NTLI was produced by cells from only one of the six tumors. In cells from tumor 5, small quantities of NTLI were detected at the time of plating. Content of NTLI in these cells increased at least 4-fold by day 21 in medium with no additives and, like VIPLI, was increased by NGF and decreased by dexamethasone (Table III) . Virtually all of the VIPLI or NTLI in cells from tumor 5 co-eluted, respectively, with synthetic VIP or NT standards (Figs. 2 and 3) . The VIPLI in cells from tumor 6 eluted as two peaks containing, respectively, 74% and 26% of the total. The former peak co-eluted with synthetic VIP, while the latter consisted of larger molecular forms (Fig. 4) . Recovery was 72% for VIPLI and 95% for NTLI.
In contrast to the large increases in VIPLI or NTLI, catecholamine content in the same culture dishes decreased to approximately one-eighth to one-eightieth of initial levels per microgram of cell protein and to one- Table I ) and tumors 4 to 6 were plated at approximately lo6 cells (350 to 1000 pg of protein)/dish. At least 80% of the cells in the high density culture dishes were estimated to be tumor cells at the time of harvest (see Fig. 1 ND" ND one hundred fiftieth to one-two hundred fiftieth per dish (Table IV) . In one case (tumor 2), catecholamine content decreased to undetectable levels. NGF produced either no changes or small decreases in catecholamine content, and dexamethasone produced variable effects. In one case (tumor 5) dexamethasone produced approximately a 2-fold increase in total catecholamine content and a 14-fold increase in epinephrine/norepinephrine ratio. The effects of dexamethasone on catecholamines in the other tumors were small or insignificant.
Discussion
We have studied process outgrowth, VIPLI, NTLI, and catecholamine content in freshly dissociated cells and in 21-day-old cultures from six human pheochromocytomas. All of the cultures exhibited spontaneous process outgrowth and produced VIPLI. NGF stimulated process outgrowth and enhanced production of VIPLI. Dexamethasone inhibited process outgrowth and tended to decrease production of VIPLI. NTLI was detected in cells from only one of the tumors, and its production appeared to be regulated comparably to that of VIPLI. Catecholamine content decreased markedly in all of the cultures and was not regulated in parallel with either VIPLI or NTLI.
Our most salient finding is that production of VIPLI by cells from all six tumors could be dramatically enhanced or suppressed in response to changes in milieu. This observation suggests that capacity for VIP production is a characteristic which is latent or is expressed at low levels in many human pheochromocytomas and is regulated in response to environmental signals. In general, signals which favor production of VIPLI also favor process outgrowth in monolayer culture. However, the finding that dexamethasone inhibited process outgrowth while increasing production of VIPLI in cultures of tumor 2 suggests that regulation of process outgrowth and of VIP production can be dissociated. Process outgrowth and enhanced production of VIPLI have been previously noted in cultures of human paragangliomas, tumors which are similar to pheochromocytomas developmentally and functionally (Tischler et al., 1981) . To our knowledge, these are the first reported instances in which production of a clinically significant ectopic peptide by tumor cells has been shown to be subject to external control.
The presence of NTLI in cells from one of six human pheochromocytomas suggests that NT is an occasional, previously unreported, marker produced ectopically in these tumors. Since NT appears to be unusual in human pheochromocytomas, however, production of the peptide by PC12 cells more likely reflects a characteristic of rat chromaffin cells than of neoplastic chromaffin cells per se. Furthermore, the content of NT in human pheochromocytoma cells appeared to be regulated differently than in PC12 cells. While lop5 dexamethasone increases NT content in PC12 cells (Tischler et al., 1982a, 198313, c) , this concentration of dexamethasone decreased the content of NTLI in the present study. The mechanisms by which dexamethasone might inhibit production of ectopic NTLI by human pheochromocytoma cells is at present unknown. However, it may be of interest that dexamethasone also inhibited process formation by these cells but does not exert this effect on PC12 cells (Tischler and Greene, 1975) .
Decreases in catecholamine content comparable to those in this study have previously been noted in longterm cultures of normal adult rat chromaffin cells (Tischler et al., 198213) . In the normal chromaffin cell cultures, however, dexamethasone consistently increases cathecholamine content and the epinephrine/norepinephrine ratio. The absence of consistent effects of dexamethasone on catecholamine content in this investigation is at present unexplained. In studies of additional cultures of one of the tumors in which catecholamine content did not increase in response to dexamethasone (tumor 6), however, we have noted large increases in choline acetyltransferase activity after 21 days in vitro (Tischler et al., 1983b, c) . Studies of additional tumors may shed light on the significance of this apparent switch toward cholinergic function.
While we have detected VIPLI in freshly dissociated cells from two of six human pheochromocytomas, Eiden et al. (1982) recently reported VIPLI in extracts of tissue from all of six such tumors. One possible source of this discrepancy is that the aliquots of dissociated cells which we assayed may have contained amounts of VIPLI below the detection limit of the radioimmunoassay. Another possibility is that the VIPLI measured by Eiden et al. may not have all been present in tumor ceils. The adrenal medulla is richly innervated with VIP-containing nerve fibers (Linnoila et al., 1980) . It is known that many human adrenal masses diagnosed as pheochromocytomas in fact represent extreme degrees of nodular hyperplasia (DeLellis et al., 1976) , and residual nerve fibers within or between hyperplastic nodules might to some extent account for more frequent detection of VIPLI in tissue extracts than in dissociated cells. In either case, however, Our findings suggest that human pheochromocytoma cell cultures might serve as experimental models to provide insights into cellular and molecular mechanisms in the pathogenesis of ectopic VIP syndromes and possibly into normal regulation of VIP gene expression. Like pheochromocytoma cells, normal adult human chromaffin cells in culture exhibit process outgrowth which is stimulated by NGF and diminished by dexamethasone (Tischler et al., 1980 (Tischler et al., , 1983a . It will be of interest to learn whether normal human chromaffin cells in culture also produce VIP.
